Plasma Thromboxane B2 Concentration in Pulmonary Hypertension Associated With
Congenital Heart Disease Shigeto Fuse, MD; Tetsuro Kamiya, MD Background We investigated the plasma concentration of thromboxane B2 (TXB2), a stable metabolite of thromboxane A2 (TXA2), to assess platelet activation in 78 patients who had pulmonary hypertension associated with congenital heart disease (PH group) and 16 patients with almost normal hemodynamics (control group).
Methods and Results The PH group was divided into two subgroups: pulmonary vascular resistance (Rp) clO U/M2 (Rp.10 group) and >10 U/m2 (Rp>10 group). In addition, the Rp' 10 group was divided on the basis of clinical symptoms into groups with dyspnea (dyspnea[+] group) and without dyspnea (dyspnea[-] group). Plasma TXB2 levels were measured by radioimmunoassay. Plasma TXB2 levels in the three groups (control, Rp<10, and Rp>10) were significantly different (P<.005); the TXB2 levels in the Rp<10 group were significantly higher than the others. Among the Rp<10 patients, the plasma TXB2 levels were significantly higher in the dyspnea(+) group than in the dyspnea(-) group (P<.0001).
In addition, the pulmonary-to-systemic flow ratio and pulmonary blood flow divided by body surface area were significantly higher in the dyspnea(+) group than in the dyspnea(-) group (P<.02 and P<.002, respectively). Conclusions These findings suggest that platelet activation led to increased TXA2 release in patients with pulmonary hypertension, especially those with dyspnea and Rp.10. TXA2 release from platelets probably caused constriction of the pulmonary arterioles and the bronchi, thus worsening pulmonary hypertension and dyspnea in these patients. In the patients with high Rp values, it was considered that the number of pulmonary arterioles where platelets could be activated had been reduced. (Circulation. 1994;90:2952-2955.) Key Words * thromboxane * radioimmunoassay .
catheterization * pediatrics
In patients who have pulmonary hypertension associated with congenital heart disease, ultrastructural abnormalities are observed in the endothelial cells of the pulmonary arterioles.1-3 In these patients, there is an increase in von Willebrand factor antigenic activity and a loss of large von Willebrand factor multimeric forms,4 or plasma endothelin levels are increased.5 These studies suggest that the endothelial cells have abnormal or heightened metabolic activity. If endothelial function is abnormal, an increase of platelet adhesion or activation may also occur. In some patients who have pulmonary hypertension associated with congenital heart disease, platelets have been observed in close apposition to the endothelial cells by scanning electron microscopy.1 Thromboxane B2 (TXB2) is a metabolic product of arachidonic acid that is rapidly formed from thromboxane A2 (TXA2) and has no biological activity. TXA2 is released from platelets by many stimuli and causes marked vasoconstriction, platelet aggregation,6 and bronchoconstriction.7 It has also been suggested that plasma TXA2 levels are correlated with pulmonary artery pressure8,9 and respiratory symptoms. In the present study, we measured the plasma TXB2 concentration to evaluate platelet activation in patients with pulmonary hypertension and congenital heart disease. tc 1994 American Heart Association, Inc.
Methods Subjects
We studied 94 patients (55 male and 39 female) who were not under treatment with any anticoagulants. Pulmonary hypertension (mean pulmonary artery pressure .20 mm Hg) was present in 78 patients aged 2 months to 37 years (PH group). Another 16 patients aged 6 months to 22 years had almost normal hemodynamics despite the presence of acquired heart disease and arrhythmias (control group). The PH group was divided into two subgroups on the basis of pulmonary vascular resistance (Rp), ie, a group in which Rp was .10 U/M2 (Rp.10 group) and a group in which it was >10 U/M2 (Rp>10 group). Furthermore, the Rp<10 group was divided by the presence of dyspnea into a dyspnea(+) group and a dyspnea(-) group. The clinical profiles of these groups are given in the Table. Informed consent to the study was obtained from the patients or their parents, and the study protocol conformed to the guidelines of the ethics committee of our institution.
Cardiac Catheterization
Cardiac catheterization was performed in all patients in the control and the PH groups. Pulmonary and systemic blood flow volumes were determined according to the Fick principle. 10 Oxygen consumption was estimated from the age, sex, and heart rate data according to the method of LaFarge and Miettinen.11 The oxygen content of blood was measured with a CO oxymeter.12
Plasma TXB2 Assay
Blood samples (5 mL) were taken from a peripheral vein (antecubital, femoral, or external jugular); collection was completed within 10 seconds, and each sample was withdrawn into an ice-chilled plastic tube containing 50 ,uL of 4x 10-3 mol/mL EDTA-2K and 100 ,uL of 1 x 10-5 mol/mL indomethacin. The samples were centrifuged at 3000 rpm for 10 minutes at 4°C, and the serum thus obtained was stored at -30°C until further analysis.
A 1-mL aliquot of plasma delipidated with petroleum-ether was mixed with 3 mL of ethylacetate/isopropanol (1:1 vol/vol), followed by the addition of 5 mL of ethylacetate/distilled water (2:3 vol/vol) and further mixing. The upper phase separated by centrifugation at 3000 rpm for 2 minutes was discarded, and the lower phase was evaporated at 55°C under a stream of nitrogen. The dried residue was reconstituted in a benzene/ ethylacetate mixture (6:4) and applied to a silicic acid column. The materials adsorbed to the column were eluted sequentially with benzene/ethylacetate/methanol mixtures at 60/40/2, 100/ 0/0, 60/40/1, 60/40/3, and 60/40/30. The eluates obtained were evaporated using a centrifugal concentrator, and the residues were reconstituted in phosphate-saline buffer for the TXB2 radioimmunoassay.13
The TXB2 radioimmunoassay was performed in a reaction mixture consisting of 0.8 mL of sample or standard (Ono Pharmaceutical Co), 0.1 mL of 3H-TXB2 (specific activity: 196.8 Ci/mmol, New England Nuclear Co), and 0.1 mL of anti-TXB2 serum (final dilution, 1:16 000, Ono Pharmaceutical Co). After the mixture was let stand for 1 hour at 4°C, 0.2 mL of assay buffer containing 10 ,uL of goat anti-rabbit y-globulin (Daiichi-RI) and 1 ,uL of normal rabbit serum was added, and further incubation was performed for 24 hours at 4°C. After centrifugation at 3000 rpm for 10 minutes, the radioactivity in the supernatant was counted using a Packard Tricarb liquid scintillation spectrometer. A standard curve was constructed using B/Bo versus the TXB2 standard. The amount of TXB2 in the plasma samples from the patients was determined from the standard curve linearized by logit-log transformation, and the recovery was calculated by adding 3H-TXB2 to each plasma sample during the extraction procedure.
Statistical Analysis
Comparisons among the three groups were analyzed using one-way ANOVA. Comparisons of mean values between two groups were performed with the Mann-Whitney U test. group). Lines with bars show mean-+-SD for each group. TXB2 levels in the three groups were significantly different (P<.005); TXB2 levels in the Rp<10 group were significantly higher than in the others. Rp indicates pulmonary vascular resistance (U/M2). TXB2 levels in the Rp.10 group were significantly higher than in the others (Fig 1) . No TXB2 level was >300 pg/mL in the Rp>10 group (Fig 1) . In addition, plasma TXB2 concentrations were significantly higher in the dyspnea(+) group (957.5±486.8) than in the dyspnea(-) group (145.1±87.5) (P<.0001) (see Fig 2) . The dyspnea(+) group had significantly higher Qp:Qs and Qp/BSA values (4.2±3.9 and 16.0+13.0 L * minm *1 m 2, respectively) than the dyspnea(-) group (2.8±1.5 and 9.1±4.1) (P<.02 and P<.002, respectively). However, there was no relation between the plasma TXB2 concentration and Qp: Qs or Qp/BSA in the Rpc 10 group.
Discussion
Plasma TXA2 values could not be directly measured in this study because this substance is metabolized so rapidly in human biological fluids (t1/2=32 seconds at 370C).14 The most common approach to the assessment of TXA2 biosynthesis is measurement of TXB2, its stable and biologically inactive hydration product. Plasma TXB2 values closely reflect but do not exactly represent TXA2 production. Our study showed that the plasma TXB2 concentration was high in patients with pulmonary hypertension associated with congenital heart disease, especially those with respiratory symptoms (dyspnea) and Rp< 10 U/M2. Rabinovitch et al'5 have reported three grades (grades A through C) of pulmonary vascular disease in patients with congenital heart disease that were correlated with hemodynamic data. The patients with grade C disease and a reduction in the number of small pulmonary arteries had Rp>3.5 U/m2.15 If platelets become activated on the damaged or abnormal pulmonary vascular endothelium, chemical substances such as TXA2 will be released in the pulmonary arterioles of patients with grade A or B pulmonary vascular disease.
Thus, it appears that the plasma TXB2 concentration was lower in our patients with a high Rp because of a reduction in the number of pulmonary arterioles where platelets could be activated. In contrast, the patients with a high plasma TXB2 concentration probably suffered from more platelet activation in the pulmonary arterioles because the number of vessels had not decreased. Thus, the plasma TXB2 concentration may reflect the grade of pulmonary vascular disease and may be lower in patients with progressive pulmonary vascular occlusive disease and a high Rp.
TXA2 is a potent vasoconstrictor and bronchoconstrictor, and it also promotes platelet aggregation.6 The lungs are the major site where circulating platelet aggregates are trapped. 16 Thus, if platelets were activated and became aggregated in the systemic arterioles of the patients with high Rp values (including the 14 patients with right-to-left shunts), many of these aggregates would become trapped in the lungs as well as the systemic arterioles. Because the patients with high Rp values did not have high plasma TXB2 concentrations (Fig 1) , we concluded that there was little systemic platelet activation and trapping of aggregates and that platelets were mostly activated in the pulmonary arterioles and trapped in the lungs. When platelet aggregates form in the pulmonary arterioles, TXA2 is released, and the resultant vasoconstriction may increase pulmonary artery pressure and decrease pulmonary blood flow. At the same time, TXA2 reaches the bronchi through the pulmonary arterioles and may cause bronchoconstriction with dyspnea.
Because it is well known that the respiratory symptoms of patients who have pulmonary hypertension associated with congenital heart disease are reduced or abolished by successful surgical operation, the respiratory symptoms of such patients may be due to pulmonary hypertension and a large pulmonary blood flow associated with congenital heart disease. Thus, this dyspnea differs from that in patients with cyanotic congenital disease, which is often due to an exerciseinduced increase in right-to-left shunt that leads to a sudden change in the systemic arterial blood gas composition and pH, stimulating the respiratory center and causing hyperventilation. The present study showed that Qp: Qs and Qp/BSA were significantly higher in the dyspnea(+) group (4.2+3.9 and 16.0±13.0) than in the dyspnea(-) group (2.8+1.5 and 9.1±4.1) (P<.02, P<.002). However, there was no relation between the plasma TXB2 levels and Qp: Qs or Qp/BSA in the Rp 10 group. This suggested that, although TXA2 is A A 8 8$i n closely related to pulmonary hypertension associated with congenital heart disease, especially influencing pulmonary vascular resistance and pulmonary blood flow, some other factors or chemical mediators must also influence pulmonary hypertension.
Accordingly, TXA2 synthetase inhibitors such as ozagrel hydrochloride17 may have a beneficial effect on pulmonary hypertension in patients with a high plasma TXB2 concentration and may decrease pulmonary vascular resistance and improve respiratory symptoms by reducing constriction of the pulmonary arterioles and bronchi.
